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SYNCHRONOUS SIGNAL GENERATOR 



Background of the Invention 
Field of the Invention 

The present invention relates to a synchronous 
signal generator using a crystal oscillator, and more 
specifically to a synchronous signal generator for 
suppressing the jitter (fluctuation of a signal with 
time) of a synchronous signal. 

Description of the Related Art 

A synchronous signal generator is known as a pulse 
generator for controlling a signal with time for a 
computer, etc. For example, a synchronous signal 
generator converts the sine wave outputted from a 
crystal oscillator into a pulse and outputs it. 
Recently, to ensure the synchronization of a signal, 
a high precision synchronous signal is demanded, and 
the synchronous signal generator is requested to reduce 
the jitter of an output signal. 

FIG. 1 is an explanatory block diagram of a common 
synchronous signal generator. 

The synchronous signal generator shown in FIG. 1 
includes a crystal oscillator 1 and a pulse converter 
2. The crystal oscillator 1 includes a crystal vibrator 



3 and an oscillator circuit unit 4, and forms, for 
example, a Corpitts type oscillator circuit. The 
crystal vibrator 3 is configured by, for example, 
enclosing an AT-cut crystal piece, an exciting electrode 
formed on the crystal piece, etc., in an airtight 
container not shown in the attached drawings . An AT-cut 
crystal piece (crystal vibrator 3) indicates a vibration 
frequency (resonance frequency) in inverse proportion 
to its thickness. 

Then, the output signal from the crystal 
oscillator 1 contains a higher harmonic component fs 
(f2 ~ fn) having a multiple of the frequency of the 
fundamental wave component fl as shown in FIG. 2. In 
this example, the oscillation frequency f of the crystal 
oscillator 1 is a frequency of a fundamental wave 
component fl of the crystal vibrator 3, and the output 
waveform is substantially a sine wave output (the output 
is referred to as sine wave output) . However, there is 
a shift in the frequency value of the crystal vibrator 
3 and the crystal oscillator 1, between the fundamental 
wave component fl and the higher harmonic component fs. 

The pulse converter 2 is formed by, for example, 
a complementary output driver IC, and converts the sine 
wave output from the crystal oscillator 1 into 
positive/negative rectangular pulses. Normally, the 



sine wave output of the crystal oscillator 1 is amplified 
by an amplifier 5, and then input into the pulse 
converter 2. 

However, in the synchronous signal generator with 
the above mentioned configuration, there is the problem 
of the jitter generated in the output (pulse waveform) 
by the pulse converter 2. 

That is, as shown in FIG. 2, although the sine wave 
output of the crystal oscillator 1 mainly contains the 
fundamental wave component fl, it also contains the 
higher harmonic component fs for even or odd values. 
Therefore, the sine wave output is not an ideal sine 
wave that includes only the fundamental wave component 
fl, generates the distortion by the higher harmonic 
component fs, and causes the jitter as a result. That 
is, the smaller the higher harmonic component fs is to 
the fundamental wave component fl, the closer to the 
ideal sine wave is the sine wave output of the crystal 
oscillator 1 . 

The pulse converter 2 generates a rectangular 
pulse with the jitter depending on the level of the 
higher harmonic component fs of the output sine wave 
of the crystal oscillator 1. In short, the closer to 
the ideal sine wave the input sine wave is, that is, 
the smaller the level of the higher harmonic component 



fs is to the fundamental wave component fl, the smaller 
jitter of the pulse is generated by the pulse converter 
2. However, although the oscillation output of the 
crystal oscillator 1 mainly contains the fundamental 
wave component fl, it contains not a small amount of 
higher harmonic component fs. Therefore, there 
necessarily occurs the problem of the jitter in the 
output of the pulse converter 2. 

Summary of the Invention 

The present invention aims at providing a 
synchronous signal generator for outputting a pulse with 
the jitter reduced by setting the sine wave output of 
the crystal oscillator the closest possible to the ideal 
sine wave. 

The synchronous signal generator according to the 
present invention includes a crystal oscillator unit, 
a filter unit, and a pulse converter unit. 

The crystal oscillator unit oscillates an output 
signal . 

The filter unit converts an output signal from the 
crystal oscillator unit into a signal set closer to the 
ideal sine wave, and outputs the resultant signal. The 
signal is converted such that, for example, the level 
of the specific frequency component of the output signal 



from the crystal oscillator unit can be relatively 
higher than the levels of the other frequency 
components . 

With the above mentioned configuration, the 
synchronous signal generator contains a relatively 
small amount of higher harmonic component in the output 
of the crystal oscillator unit, thereby outputting a 
waveform having small distortion, and obtaining a pulse 
with small jitter. 

Additionally, by configuring the above mentioned 
filter unit by a crystal filter equal to the crystal 
oscillator unit in cutting angle of a crystal piece, 
the jitter of an output signal can be reduced. 

Brief Description of the Drawings 

FIG. 1 is a block diagram of a common synchronous 
signal generator; 

FIG. 2 shows the frequency spectrum for 
explanation of the problem with the common synchronous 
signal generator; 

FIG. 3 is a block diagram for explanation of the 
principle of the present invention; 

FIG • 4 is a block diagram of the synchronous signal 
generator according to an embodiment of the present 
invention; 
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FIG. 5 is the frequency spectrum according to an 
embodiment of the present invention; and 

FIG . 6 shows the characteristic of the 
frequency-temperature of the crystal vibrator applied 
to an embodiment of the present invention. 

Description of the Preferred Embodiment 

Described below is the basic principle of the 
present invention . 

FIG. 3 is a block diagram showing the synchronous 
signal generator according to the present invention. 

According to the present invention, it is noticed 
that when the level of the fundamental wave component 
fl in the sine wave output by the crystal oscillator 
is set relatively higher than the level of the higher 
harmonic component fs, the sine wave output becomes 
closer to the ideal sine wave, and the pulse which is 
output by the pulse converter indicates reduced jitter. 

The synchronous signal generator shown in FIG. 3 
comprises a filter unit 13 between a crystal oscillator 
11 for outputting a sine wave signal of a specific 
frequency using crystal and a pulse converter 12 for 
converting the sine wave signal into a rectangular pulse. 
It inputs the output of the crystal oscillator 11 into 
the filter unit 13, removes or attenuates the frequency 
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component other than the fundamental wave component fl, 
or amplifies only the level of the fundamental wave 
component fl, and then inputs the result into the pulse 
converter 12. 

5 If the filter unit 13 is configured as a band pass 

filter having the oscillation frequency f as the center 
u frequency fO, and the sine wave output from the crystal 

5 oscillator 11 is passed through the band pass filter, 

La) 

T then a sine wave output is obtained with the higher 

p 10 harmonic component fs suppressed relative to the 

M 

H fundamental wave component fl. The output pulse 

obtained by converting the sine wave output into a 
rectangular wave by the pulse converter 12 has a 
suppressed influence of the higher harmonic component 
15 fs, thereby minimizing the jitter. 

The filter unit 13 of the synchronous signal 
generator according to the present invention is not 
limited to a unit for passing a signal of a specific 
frequency, that is, a filter, but can be anything that 
20 sets the level of the specific frequency component of 

an input signal relatively higher than the levels of 
other frequency components, and outputs the result. 
For example, it can be an amplifier for amplifying the 
level of the fundamental wave component f 1 into a level 
25 higher than the levels of the other frequency components 



8 



and outputting the resultant signal. 

Described below is an embodiment of the 
synchronous signal generator according to the present 
invention. 

FIG. 4 is a block diagram of the synchronous signal 
generator according to an embodiment of the present 
invention. 

In FIG. 4, the component also shown in FIG. 1 is 
assigned the same reference numeral, and the detailed 
explanation is omitted in the following descriptions. 

The synchronous signal generator shown in FIG. 1 
comprises, as in the configuration shown in FIG. 1, the 
crystal oscillator 1 having the oscillation frequency 
f of the synchronous signal generator as the fundamental 
wave component fl, and the pulse converter 2 as the 
complementary output driver IC for converting sine wave 
output into positive/negative pulses through the 
amplifier 5. With the configuration, the crystal 
oscillator 1 comprises the crystal vibrator 3 and the 
oscillator circuit unit 4, and the synchronous signal 
generator in Fig. 4 comprises a crystal filter 6 
corresponding to the filter unit 13 shown in FIG. 3 
between the crystal oscillator 1 and the pulse converter 
2. 

The crystal filter 6 forms an input/output 



electrode for a crystal piece as enclosed in an airtight 
container, and outputs only the frequency (regulated 
band pass frequency) in a regulated area upon receipt 
of input. 

The crystal filter 6 has the center frequency fO 
of the regulated band pass frequency equal to the 
oscillation frequency f . That is, the center frequency 
fO is equal to the frequency of the fundamental wave 
component fl in the sine wave output by the crystal 
oscillator 1. 

Furthermore, by setting the crystal filter 6 and 
the crystal vibrator 3 equal to each other in 
frequency-temperature characteristic of a crystal 
piece, the crystal oscillator 1 and the crystal filter 
6 have equal frequency-temperature characteristics. 
For example, by setting the crystal piece of the crystal 
filter 6 equal to the AC-cut crystal piece in cutting 
angle, the crystal oscillator 1 can be equal to the 
crystal filter 6 in frequency-temperature 
characteristic, thereby allowing the center frequency 
fO to correspond to a change of the frequency of the 
fundamental wave component f 1 . Otherwise, also using 
a device equal to the crystal oscillator 1 in temperature 
characteristic as an external element for determining 
the center frequency fO, for example, a capacitor, etc., 
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the crystal oscillator 1 can be equal to the crystal 
filter 6 in frequency-temperature characteristic. 
Furthermore, a high Q filter can be used for a 
temperature change . 

The sine wave output of the crystal oscillator 1 
is input into the crystal filter 6 having the center 
frequency fO as a fundamental wave component fl. 

The crystal filter 6 passes a wave through the 
frequency area centering on the oscillation frequency 
f (fundamental wave component fl) . After the passage, 
the sine wave output is amplified by the amplifier 5 
as described above, input into the pulse converter 2, 
converted into positive/negative pulses, and output. 

With the configuration as shown in FIG. 4, the sine 
wave output first passes through the crystal filter 6, 
then its higher harmonic component fs is removed, and 
the fundamental wave component fl becomes dominant. 
That is, as shown in FIG. 5, the sine wave output from 
the crystal filter 6 has the frequency spectrum with 
the higher harmonic component f s furthermore suppressed 
as compared with the fundamental wave component f 1 than 
in the case in which the higher harmonic component fs 
does not pass the crystal filter 6. Therefore, after 
the passage through the crystal filter 6, the sine wave 
output becomes closer to the ideal sine wave having less 



distortion by the higher harmonic component fs. 
Therefore, since the pulse converter 2 receives the 
ideal sine wave mainly containing the fundamental wave 
component fl, a pulse is output with low jitter. 

Therefore, since the synchronous signal generator 
as shown in FIG. 4 inputs the sine wave output of the 
crystal oscillator 1 into the pulse converter 2 after 
passing it through the crystal filter 6 having the center 
frequency fO equal to the oscillation frequency f, the 
output sine wave of the crystal oscillator 1 can be 
converted into a pulse signal after having the output 
sine wave be close to the ideal sine wave, thereby 
outputting a pulse having low jitter. 

Furthermore, according to the present embodiment f 
the crystal vibrator 3 and the crystal filter 6 are equal 
in cutting angle of a crystal piece. Thus, the crystal 
oscillator 1 using the crystal vibrator 3 and the crystal 
filter 6 are basically equal in frequency-temperature 
characteristic . 

FIG. 6 shows the frequency- temperature 
characteristic of the crystal vibrator. 

In FIG. 6, the frequency-temperature 
characteristic indicates a cubic curve having an 

inflection point around the ambient temperature (27°C) , 
the maximum value on the low temperature side and the 
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minimum value on the high temperature side. 

The crystal oscillator 1 has the oscillation 
frequency f depending on the temperature, and the 
crystal filter 6 also has the center frequency fO 
depending on the temperature. These temperature 
characteristics depend on the cutting angle of crystal. 
The crystal oscillator 1 and the crystal filter 6 include 
other components such as a capacitor, etc. as well as 
a crystal piece. Since the frequency-temperature 
characteristics of these components are taken into 
account, they are not equal in frequency-temperature 
characteristic although they are equal in cutting angle . 
However, since their frequency-temperature 
characteristics largely depend on the cutting angle of 
a crystal piece in most cases, the crystal oscillator 
1 and the crystal filter 6 can be nearly equal in 
frequency-temperature characteristic by setting an 
equal cutting angle of a crystal piece for the crystal 
oscillator 1 and the crystal filter 6. 

Thus, the center frequencies fO of the crystal 
oscillator 1 and the oscillation frequency of the 
crystal filter 6 similarly change with the change in 
temperature. That is, when the oscillation frequency 
f (fundamental wave component fl) changes with 
temperature, the center frequency fO of the crystal 



13 

filter 6 changes correspondingly. Therefore, although 
the temperature changes, the constant difference in 
level between the fundamental wave component f 1 and the 
higher harmonic component fs can be maintained. As a 
result, the synchronous signal generator according to 
the present embodiment can obtain an ideal sine wave 
although the temperature changes, thereby outputting 
a pulse with low jitter. 

According to the present embodiment, the pulse 
converter 2 is a complementary driver IC of two-output 
type for converting an input signal into a 
positive/negative pulse. However, it can be a 
single-output IC, etc. for conversion into a single 
pulse . 

Although the oscillation frequency f of the 
crystal oscillator 1 is defined as the fundamental wave 
component fl as described above, the oscillation 
frequency f can be another frequency, for example, a 
frequency three times as high as the fundamental wave 
component f 1 (frequency of the higher harmonic component 
fs (f3)). However, in this case, if the oscillation 
frequency f is the frequency of the frequency component 
f3, the center frequency f 0 of the crystal filter 6 also 
has to be the frequency of the frequency component f3. 
Although the crystal filter 6 which is set equal 
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in frequency-temperature characteristic to the filter 
unit 13 is used for the filter unit 13, the filter unit 
13 can have other configurations. For example, the 
filter unit 13 can be a SAW filter using a surface 
5 acoustic wave device* 

When the filter unit 13 is configured as a band 

M pass filter, it is designed to be equal in center 

=== 

«5S>! 

O frequency f 0 to the oscillation frequency f as a nominal 

frequency (normally at the ambient temperature of 25°C) 
£7. 10 to suppress the higher harmonic component fs relative 

:f= to the oscillation frequency f. Since the jitter is 

« 5 mainly caused by the higher harmonic elements higher 

Q than the fundamental frequency, the filter unit 13 can 

O be configured as a low pass filter except the frequency 

15 higher than the fundamental frequency f 1 . 

Furthermore, by setting the crystal oscillator 
1 and the crystal filter 6 equal to each other in cutting 
angle of crystal piece, substantially the same 
frequency-temperature characteristic can be obtained 
20 in the example above. However, the same 

frequency-temperature characteristic can also be 
obtained by providing, for example, a temperature 
compensation circuit for matching the 
frequency-temperature characteristics of them and 
25 obtaining the same frequency-temperature 



characteristics . 

That is, according to the present invention, the 
sine wave output of the crystal oscillator 1 is designed 
to obtain a pulse with low jitter by setting the sine 
wave output of the crystal oscillator 1 closer to the 
ideal sine wave in the method using a filter, etc., and 
the synchronous signal generator with an appropriate 
and flexible change allowed based on the above mentioned 
concept is in the technical scope of the present 
invention. 



